T illage and nitrogen (N) fertilization systems have the potential to
affect soil chemical and physical properties, especially when conducted long term. In the last several decades, producers in the eastern Great Plains have been led to consider conservation tillage options for crop production largely because of environmental concerns and possible economic savings. Crop yields can be variable with no-till compared with conventionally tilled systems (Holland and Herridge, 1992; Sindelar et al., 2015) . This yield variability is often influenced by location, soil characteristics, and environmental differences.
For cereal grains grown on poorly drained soils, yields with no-till are often lower than with tillage (DeFelice et al., 2006) , perhaps because of cooler soil temperatures (Al-Darby and Lowery, 1987) and excess soil moisture in the spring. Eastern Great Plains claypan soils comprise about 4 million ha of Missouri, southwestern Illinois, eastern Kansas, and northeastern Oklahoma (Buckley et al., 2010) and pose unique challenges for producers partially because of poor drainage and shallow rooting depths. Additionally, claypan soils are often low in fertility and need proper N management for crop production and to help alleviate the yield depression often experienced with no-till.
Decisions regarding tillage and fertilization options are expected to be driven by the economics of regional agronomic systems, but these crop cultural practices have the potential to affect soil properties after long-term cropping. For instance, Fernández et al. (2015) showed that improved nutrient uptake efficiency and yields with different tillage systems were partially due to improved soil organic matter, bulk density, and penetration resistance. However, data are limited on the effect of long-term tillage and N fertilization on claypan soil properties. Thus, the goal of this study was to examine the effect of tillage and N fertilization practices on chemical and physical properties of a claypan soil
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Abstract: Tillage and nitrogen (N) fertilization systems may affect soil chemical and physical properties, especially long term. This study's objective was to examine the effect of three tillage systems (conventional tillage, reduced tillage, and no-till) with four N fertilizer treatments on properties of a claypan soil in the eastern Great Plains after 20 yr of cropping. Soil chemical and physical properties were little affected by long-term tillage and N fertilization. The lack of tillage to distribute soil phosphorus (P) and potassium (K) nutrients within no-till treatments resulted in lower P and K values below the surface. In no-till, the accumulation of organic matter in the surface soil (0 to 7.5 cm) was countered by lower organic matter in the 7.5-to 15 -cm zone, resulting in no net increase compared with the other two tillage systems. Soil bulk density and penetration resistance in the surface 30 cm were unaffected by tillage or N fertilization. 
Core Ideas
• Claypan soil properties were minimally affected by tillage and N fertilization after 20 years.
• Soil organic matter distribution was affected by tillage, but with no apparent net difference.
• Long-term tillage and N fertilization did not affect soil bulk density or penetration resistance.
• Subtle long-term soil changes may not influence producer choices for tillage and N fertilization.
in the US eastern Great Plains after 20 yr of a grain sorghum
Procedures
The experimental and treatment descriptions were described in detail in Sweeney (2017) and are summarized below. The experiment was conducted for 20 yr from 1983 through 2002 at the Parsons, KS, field of the Southeast Agricultural Research Center of Kansas State University. During the 20-yr period, the crop rotation was grain sorghum grown in odd-numbered years and soybean grown in even-numbered years, with soybean grown also in 1982 prior to study initiation. The soil was a Parsons silt loam (fine, mixed, active, thermic Mollic Albaqualf), which is a typical upland, claypan soil of the area consisting of approximately 30 cm of topsoil overlying a claypan B horizon. The slope of this site was <0.5% with low expected erosion potential since annual sediment losses on a similar soil of 1% slope was less than 0.5 Mg ha -1 (Sweeney et al., 2012) . Measured background (spring 1983) soil chemical analyses in the 0-to 15-cm depth were 7.0 pH (1:1 soil/water), 34 mg P kg
, and 18 g kg -1 soil organic matter (SOM) analyzed by North Central Region recommended procedures (Dahnke, 1980) .
The experiment was arranged as a split-plot of a randomized complete block design with four replications. Whole plots consisted of three tillage systems, and subplots were four N fertilization treatments. The tillage treatments used for both crops were (i) conventional tillage, (ii) reduced tillage, and (iii) no-till. Based on tillage practices in this region, conventional tillage operations consisted of chisel plow at 15 cm depth and tandem disk at 7 to 10 cm, followed by field cultivation at 5 cm. Reduced tillage consisted of the same disk and field cultivation operations, but without the chisel plowing. Tillage operations were done before planting in the spring. No-till had no soil disturbance other than minimal amounts during planting and fertilizer application. The four N fertilization treatments for grain sorghum were (i) a no-N control, (ii) anhydrous NH 3 applied with narrow-profile knives at a 15-cm depth, (iii) urea-ammonium nitrate solution (UAN, 280 g N kg -1 ) broadcast applied through floodjet nozzles, and (iv) urea solid broadcast applied with a drop spreader. Except for the no-N control, the application rate for all N sources applied before planting the grain sorghum crop was 140 kg N ha -1 . For soybean, the subplots were considered to be the residual effect of N fertilization treatments to grain sorghum. In all plots, 27 kg P ha -1 and 66 kg K ha
were applied to the grain sorghum crops and 12 kg P ha
and 34 kg K ha -1 were applied to the soybean crops with the planter's 5-by 5-cm fertilizer attachment. Individual subplot size was 3 by 21 m.
After crop harvest in November 2002, soil was sampled for chemical and physical properties. Soil samples (composite of six or more, random, 2.5-cm diam. cores per plot) were taken from the 0-to 7.5-, 7.5-to 15-, and 15-to 30-cm depths and analyzed for pH, P (Bray P1), extractable K (1 M NH 4 C 2 H 3 O 2 ), and SOM by North Central Region recommended procedures (Brown, 1998) . In-row soil penetration resistance was measured as cone index readings recorded by a computer-controlled, constant rate (0.84 cm s -1 ), portable penetrometer using a 30° cone with a cross-sectional area of 3.2 cm 2 (Christensen et al., 1998) . Force measurements were made at 1-cm increments to 30-cm depth with duplicate penetration resistance readings made in the row of each plot in two replications. Duplicate readings from each plot were averaged and statistically analyzed by treatments at 2-, 7-, 12-, 17-, 22-, and 27-cm depths. In-row soil cores at the 0-to 7.5-, 7.5-to 15-, and 15-to 30-cm depths were taken by a Giddings soil probe to determine soil bulk density and gravimetric soil moisture content (dry weight basis).
Measured variables were analyzed using the Proc Mixed procedure of SAS (Littell et al., 1996) . Treatment was considered fixed and replication was considered random. Treatment means were compared using Fisher's protected LSD.
Results and Discussion
The main effects of tillage and N fertilization affected some of the measured chemical parameters in the 0-to 7.5-and 7.5-to 15-cm depths (Table 1 ) but had no effect in the 15-to 30-cm depth (overall 15-30-cm depth means: 6.8 pH, 5 mg P kg , and 13 g SOM kg -1 ). In addition, no chemical properties were affected by an interaction between tillage and N fertilization systems. After 20 yr, tillage had no significant effect on soil pH in the top 15 cm or on extractable P or K in the surface 7.5 cm. However, in the 7.5-to 15-cm depth, no-till had lower extractable P than with conventional tillage and less K than with either conventional or reduced tillage. This may be due to plant extraction of nonmobile elements P and K below the fertilizer application depth of approximately 5 cm and without the benefit of tillage to redistribute the nutrients. Soil organic matter in the surface 7.5 cm was increased to 28 g kg -1 and was significantly greater with no-till than in conventional tillage, which is similar to other reports (McVay et al., 2006; Presley et al., 2012) . However, as with P and K, SOM in the 7.5-to 15-cm depth in this study was less with no-till than in tilled systems (Table 1) . Even though SOM appeared to increase in all tillage systems during the 20 yr, this redistribution of soil organic matter would be missed if the soil were sampled from 0 to 15 cm, as typically done with farmer samples. There was no difference in tillage systems on SOM when analyzed for the top 15 cm (depth-averaged data not shown). Nitrogen fertilization treatments mainly affected soil pH values in the surface 0-to 7.5-cm and the 7.5-to 15-cm depths (Table  1 ). In the surface 7.5 cm, all N source treatments resulted in lower soil pH compared with the no-N control, but the difference was only about 0.5 pH unit. This small decrease may have been influenced by N fertilizer only being added in years cropped to grain sorghum, with no N added in years cropped to soybean. In the 7.5-to 15-cm depth, only anhydrous NH 3 fertilization resulted in a small, but significant, reduction in soil pH. Anhydrous NH 3 fertilization also resulted in significantly lower soil P in the 7.5-to 15-cm depth than in the no-N control, likely due to increased plant uptake of P. Nitrogen fertilization treatments had no effect on exchangeable K or SOM.
Soil bulk density measured at 0-to 7.5-, 7.5-to 15-, and 15-to 30-cm depth after 20 yr was not affected by tillage or N fertilization treatments or their interaction (Table 2) . On similar soils, Anderson et al. (1990) in Missouri found "subtle" effects on bulk density after 100 yr of continuous cultivation, and Kitur et al. (1993) in southern Illinois found that bulk density in chisel and moldboard plowed treatments increased as the season progressed, eventually attaining values similar to no-till at the season's end. Gravimetric soil moisture was 11 to 15% greater in no-till in the 0-to 7.5-cm depth than in conventional or reduced tillage but was not affected at deeper depths (Table 2) . Nitrogen fertilization had no effect on soil bulk density or gravimetric soil moisture measured in November 2002. Soil penetration resistance, measured as cone index values, appeared to increase with depth to more than 7 cm and tended to decline after the 15-cm depth, with a slight increase as depth reached 30 cm (data not shown). However, there were no significant differences between tillage treatments or N fertilization after 20 yr. Sweeney and Moyer (1995) found differences in cone index values as affected by tillage taken in the fall in a claypan soil, but the soil strength values were much lower because the soil moisture content was closer to field capacity when measured. Soil physical properties have been shown to be affected by tillage and N fertilization (Presley et al., 2012) , but often the differences were not significant.
Summary
Chemical and physical properties (pH, Bray-P1, exchangeable K, SOM, bulk density, soil water content, and penetration resistance) of a claypan soil in the eastern Great Plains were little affected by 20 yr of tillage and N fertilization treatments in a grain sorghum-soybean rotation. Even though P and K were added yearly to the plots, the lack of tillage to distribute P and K nutrients in the soil within notill treatments resulted in lower P and K values below the surface. In the no-till treatment, the accumulation of organic 2002 by depth (0-7.5  and 7.5-15 cm) in a claypan soil in southeastern Kansas cropped with a grain sorghum (odd-numbered years)-soybean (even-numbered years) rotation.
Treatment
pH Bray-P1 Exchangeable K Soil organic matter 0-7.5 cm 7.5-15 cm 0-7.5 cm 7.5-15 cm 0-7.5 cm 7.5-15 cm 0-7.5 cm 7.5-15 cm 
Soil bulk density Gravimetric soil moisture 0-7.5 cm 7.5-15 cm 15-30 cm 0-7.5 cm 7.5-15 cm 15-30 cm matter in the surface soil (0 to 7.5 cm) was countered by lower organic matter in the 7.5-to 15-cm zone, resulting in no net increase in organic matter compared with the other two tillage systems. Soil bulk density and penetration resistance in the surface 30 cm was unaffected by tillage. Because grain sorghum yields are often greatly reduced by lack of tillage on this claypan soil (Sweeney, 2017) , the lack of large soil chemical and physical differences measured in November 2002 after 20 yr of cropping suggests that the effects on the crop may be transient and largely mitigated by the end of each season. The primary response of N fertilization on measured chemical and physical properties was soil acidification by N fertilizers applied to grain sorghum crops. Since differences in claypan soil properties in this long-term rotation are subtle, area producers will likely continue to choose tillage and N fertilizer options on the basis of their agronomic, logistic, and economic goals.
